INTRODUCTION
In order to express the air flow (velocity field) through a specific equation it must be borne in mind that in every point in space where air flows, there is a velocity vector and the phenomenon may be represented at any time by a vector field   .
Simplifying assumptions may lead to the fact that this vector field is derived from a scalar potential, denoted φ.
This term is related to the concepts of flow line and stream tube. Thus, the flow over surface element dS is equal to the volume of a cylinder with its base the generator is the speed vector.
The flow is the volume that flows through dS during a time unit ( fig.1 ). If an ideal fluidincompressible, the quantity is constant. All the experiments that aim to determine the aerodynamic drag for a vehicle are performed in wind tunnels.
The main element in a wind tunnel is the experimental tunnel. The fluid must flow through the tunnel with the desired speed, evenly throughout the whole section, in order to assure a correct simulation of the motion of the moving objects in open air.
This result can be achieved, only if the effect of the lateral walls is negligible. In the aerodynamic circuit we have: the settling chamber, situated at the start of the circuit which has the role of cancelling all the turbulences in the moving air and to even the speeds of the air currents at the entrance in the tunnel; the contraction chamber which accelerates the laminar flow of the air mass coming from the settling room -parallel vectors of speed, with the same direction and equal intensity.
The wind tunnel is the room where the replicas are placed and which can have a mobile ceiling in order to achieve variations of the section; the diffuser, formed by two subsections: a divergent nozzle which reduces the speed of the air flow coming from the experimental tunnel and the fan section which sucks the air out of the tunnel to avoid vortex formations, the return circuit , made of the exact walls of the room in which the wind tunnel is built -at the right angles, deflective screens are placed to duly direct the fluid towards the settling chamber.
THE THEORETICAL ANALYSIS OF FLUID DYNAMIC PROCESSES IN WIND TUNNELS
By admitting the fact that such experimental circuit is sufficiently isolated, so the caloric losses which occur through the walls can be negligible, we can consider that the total energy of the weight rate flowing in each section is constant. Considering V m , p m , ρ m şi T m the average values of speed, density pressure and temperature, the following equations can be achieved:
where σ is the section and m represents the weight flow.
In the case of a perfectly compressible fluid [2] , the energy equation is:
where T 0 is the absolute temperature in points of null speed; h is the enthalpy and c p is the specific heat at a constant pressure. By correlating equations (1) and (2) the following results:
where κ = c p / c v .
In the settling chamber, the fluid (the air) is characterized by the following parameters: p 1 -the pressure; ρ 1 -the density; T 1 -the temperature and v 1 -the speed. By taking into consideration that the speed is very low, the square of this one can be negligible: 
The air mass in the wind tunnel is driven by the fan. The speed of the formed air current depends on the section of the wind tunnel in the measuring point. The maximum value of speed is achieved in the wind tunnel because this is the smallest section of a wind tunnel. But the speed depends also on the power of the fan. Thus, for the maximum value of the power of the fan, normally, the maximum speeds in all the sections of the wind tunnel will be achieved. In all cases, these will be subsonic (in subsonic wind tunnels).
To study the air flow from a thermodynamically view, there must be taken into account the mechanisms of transformations which a moving fluid mass undergoes.
The pressure difference performed by the fan exceeds all the losses of charge from the system caused by frictions, turbulences, vortexes, etc. The fluid mass receives energy from the fan and transfers it to the environment under the form of heat.
The main problem is to determine speed, pressure, density and temperature within the circuit, as well the necessary power to achieve the desired speed in the wind tunnel.
According to Crocco's reasoning, Bernoulli's differential equation can be replaced by the following equation: 0   p dp VdV
The differential equation of energy is:
where V is the speed and c p is the specific heat at a constant pressure. From equation (6)it results:
From equation (5) it results:
where η -part of the fluid momentum which turns into potential energy (pressure).
For an average value of η and by integrating equation (8) it is achieved:
where ρ 0 and p 0 are the density and pressure in surety for the null speed. For a polytrophic transformation, p/ρ n =const. In this case, it is achieved:
Considering the fact that p/ρ n =const and η sufficiently low, by integrating the equation it is achieved the equation of speed:
Based on experiments, there has been determined that , where 2δ is the aperture angle of the diffuser. Usually, the angle measures 6˚, for a number of Ma=0, 3÷0, 85 (subsonic state). Besides the maximum flowing speed of the air in the wind tunnel, the constructional differences between wind tunnels may be:
 The way the wind tunnel is built (closed or opened);  The movement / no movement of the ground below the replica.  The suction / no suction of the air flow at ground level. The Reynold number governs each law of similarity between a full size vehicle and its replica. This is a function that depends on the multiplication of the speed of flowing with the characteristic length of the replica, divided to the kinematic viscosity.
The more the replica is on a close sale to the original vehicle and the more the degree of exterior finishing is similar, the easier is to achieve an adequate Reynolds number between the replica and the 1:1 model.
For ground vehicles, the replicas are used at a 1:7 scale because this allows an acceptable compromise with reality, considering that the wind tunnels used in this domain have no more that 10 m in length [4] .
One of the real issues that occur in experiments in wind tunnels is the so-called "air cushion limit" that appears on the lower side of the replica (fig.3) .
For example, when a train runs on the tracks, the relative air speed/ground air speed ratio is approximately null. In the wind tunnel there is, however, a permanent air cushion at the contact with the ground (between the floor and replica).
If this air cushion is quite extended, it may influence the pressure and the air flow values under the body.
In order to diminish the "air cushion effect", the following measures can be taken: -minimizing the floor length of the wind tunnel; -perfectly finishing the surfaces -the smoother the replica is, the smaller the air cushion limit is. For example, the wind tunnels used by SNCF [4] , have 10 m in length and the replica of the vehicle to be studied has 3 m (1:7 scale).
The roughness of the wooden or concrete floors has led, initially to some problems. The solution found was to suck out the air between the body and the floor (fig. 4) . This solution gives a more realistic simulation, by eliminating almost completely the permanent air cushion. The main factor influencing the aerodynamic drag of a ground vehicle resides in the complex term incorporated in the general equation that describes the total (mechanical and aerodynamic) drag:
The C x coefficient can be measured with maximum accuracy in wind tunnels [7, 8] , but correct enough approximations can be also achieved by launching the vehicle on a known slope, only when knowing the other mechanical resistances.
The influence of the wind can be expressed through two correction coefficients, k w and k y (both being functions of the speed of train and of the speed and wind direction).
The k w coefficient expresses the relative velocity of the train compared to the one of the air (resulting from the speed of movement and from the speed of the wind). This applies, in the same way, to the B 1 term.
The k y coefficient expresses the change of the penetration coefficient C x in case of aerodynamic drag.
Another effect on the aerodynamic drag to motion resistance is determined by tunnels. The tunnel effect has been recently carefully studied, especially in the case of high-speed trains.
This effect can be expressed through a coefficient, noted still as k t [6] . The influences of the gradients and curves are also to be taken into account in order to express the accurate value of the total drag.
When one has to deal with the calculus of the specific aerodynamic drag, the most important coefficient that must be taken into account is the frontal one. Its influence is best illustrated by the following equation: 
THE PRACTICAL CASE STUDY
In order to illustrate the influence of the aerodynamic performance of a ground vehicle we have chosen the case of a railway traction vehicle. The test was performed at INCAS subsonic wind tunnel, which has the following technical specifications: closed circuit, wind tunnel section 2,5 m x 2 m; air speed: 7-110 m/s; longitudinal yaw angle: ±45º; lateral yaw angle: -140º up to 216º; Reynolds number: 1,5-2,5x10 6 ; contraction surface ratio k=10; turbulence factor: 1,11. The replica was build using polystyrene foam and had two different shapes at the ends. One had a poor aerodynamic shape and the other had a streamlined aerodynamic shape.
As far as the modelling theory allows it, we preferred to use the special replica solution, which has an exact geometric scale (non standardized, because the influence of such particularities of the real model do not influence the behaviour of the scale replica).
The vehicle studied has a top speed of 100-120 km/h (depending on its built class). In order to cover the intermediate speed range, we performed the test at 30 m/s (108 km/h).
The pressure gauges were installed as shown in figures 6-8. The measurements of the pressures at each gauge mounted on the experimental replica were done through two electronic pressure scanners Scanivalve type, which can carry up to 16 simultaneous pneumatic connections.
The following results were obtained: for side 1 see Table 1 , and for side 2 see Table 2 . By analyzing the results and the graphic representations one can observe that the aerodynamically streamlined shape of the vehicle influences the air flow 
CONCLUSION
The present work has illustrated the importance of aerodynamic design of the railway vehicles, as their performances are influenced by the aerodynamic drag.
Taking as a starting point a real body shape and proposing a new and improved one we have demonstrated that the size and quality of the frontal and lateral surfaces are, indeed, influencing the aerodynamic drag and thus, the energetic consumption.
The experiment also confirmed the computer simulations and analysis which concluded that even at inferior (subsonic) top speeds (commonly used in rail and automotive applications) improved aerodynamics may, indeed, influence the dynamic and traction performances.
